for the MSBase Study Group IMPORTANCE After multiple sclerosis (MS) relapse while a patient is receiving an injectable disease-modifying drug, many physicians advocate therapy switch, but the relative effectiveness of different switch decisions is often uncertain. OBJECTIVE To compare the effect of the oral immunomodulator fingolimod with that of all injectable immunomodulators (interferons or glatiramer acetate) on relapse rate, disability, and treatment persistence in patients with active MS.
T he introduction of the disease-modifying drug fingolimod has had a substantial effect on the treatment of multiple sclerosis (MS). [1] [2] [3] [4] [5] This novel oral agent is becoming widely used in highly active forms of MS, either as first-line therapy or after treatment failure while a patient is receiving traditional injectable disease-modifying therapies (ie, preparations of interferon beta and glatiramer acetate). 6, 7 Three landmark phase 3 clinical trials [8] [9] [10] have demonstrated the efficacy of fingolimod in achieving more favorable clinical and radiologic end points compared with placebo (the FREEDOMS [FTY720 Research Evaluating Effects of Daily Oral Therapy in Multiple Sclerosis] and FREEDOMS II) or intramuscular interferon beta-1a (the TRANSFORMS [Trial Assessing Injectable Interferon vs FTY720 Oral in Relapsing-Remitting Multiple Sclerosis] trials). In the TRANSFORMS study, all patients experienced relapses before randomization, but approximately 45% of the participants were treatment naive. The active comparator to fingolimod in that study was 30 μg of intramuscular interferon beta-1a, which had been shown to be inferior to 44 μg of subcutaneous interferon beta-1a 11 or glatiramer acetate. 12 Thus, the trials did not address in full the issue of the relative effectiveness of switching from interferon beta/glatiramer acetate to fingolimod vs switching between interferon beta/glatiramer acetate preparations in patients experiencing on-treatment relapses. We sought to address this issue using the MSBase registry data set. 13 In the absence of randomized clinical trials, which are often costly and time consuming, the use of high-quality, protocol-driven observational data collections, such as MSBase, provides an important tool for comparisons of drug effectiveness in a real-world setting. Several validated statistical models have been successfully used to minimize the indication bias expected in observational data and thus allow meaningful interpretation of outcomes. [14] [15] [16] In the MSBase data set, we used propensity score-based matching to create a quasi-randomized study design. 17 We assessed the outcomes of matched patients whose treatment was switched to fingolimod or another interferon beta/glatiramer acetate preparation after experiencing breakthrough disease (ie, relapse, disability progression, or both) while receiving an interferon beta/glatiramer acetate preparation.
Methods

Patient Selection and Data Acquisition
The MSBase registry collects observational data for patients with MS as part of routine clinical care. The use of MSBase as a research platform was approved by the Melbourne Health Human Research Ethics Committee and by the local ethics committees in all participating centers (or exemptions were granted according to local laws and regulations). If required, written informed consent was obtained from enrolled patients. All patients recorded in the MSBase registry were screened using the following inclusion criteria: availability of the minimum data set; a recorded switch from interferon beta/glatiramer acetate (subcutaneous interferon beta-1a, 22 μg or 44 μg thrice weekly [Rebif], intramuscular interferon beta-1a, 30 μg weekly [Avonex], subcutaneous interferon beta-1b, 250 μg every second day [Betaferon/Betaseron], or subcutaneous glatiramer acetate, 20 mg/d [Copaxone]) to another interferon beta/glatiramer acetate preparation or oral fingolimod, 0.5 mg/d (Gilenya); at least 6 months of continuous interferon beta/glatiramer acetate treatment before the switch; a relapse and/or confirmed disability progression during interferon beta/glatiramer acetate treatment within the 12 months preceding the switch; a treatment gap of no longer than 3 months before beginning treatment with the switch medication; and at least 3 months of treatment persistence with the switch medication. Patients who previously received alemtuzumab, cladribine, infliximab, mitoxantrone hydrochloride, natalizumab, rituximab, dimethyl fumarate, teriflunomide, or fingolimod were excluded.
The minimum data set for each patient included date of birth, sex, MS center, disease course, dates of disease onset, clinic visits, relapses, dates of the beginning and end of treatment, and disability quantified with the Expanded Disability Status Scale (EDSS) 18 at baseline and at least 2 follow-up visits, at least 3 months apart, during switch therapy. When available, categorized evaluations of magnetic resonance imaging (within the year preceding baseline) and cerebrospinal fluid (at any time point) were reported by the treating neurologists.
All analyzed information was recorded as part of routine clinical practice between July 1996 and April 2014. The usual practice at most centers was real-time or near real-time data entry in association with clinical visits. The MSBase protocol stipulates minimum annual updates of the minimum data set, but patients with less-frequent updates were not excluded from the analysis if the above inclusion criteria were fulfilled. The data entry portal was either the iMed patient record system or the MSBase online data entry system. Quality assurance procedures were applied as described elsewhere. 15 
Study End Points
The primary outcomes of the study were the proportion of patients without relapses and the annualized relapse rate (ARR); secondary outcomes were time to progression or regression of disability confirmed at 3 months and time to treatment discontinuation.
A relapse was defined as the occurrence of new symptoms or exacerbation of existing symptoms persisting for at least 24 hours in the absence of concurrent illness or fever and occurring at least 30 days after a previous relapse. Individual ARRs were calculated as the annualized number of recorded relapses between baseline and a censoring event.
Disability was scored by accredited scorers using the EDSS (online Neurostatus certification 18 was required at each center), excluding any EDSS score recorded within 30 days of a previous relapse. Progression, according to the EDSS, was defined as an increase of 1 or more EDSS steps (≥1.5 EDSS steps if the baseline EDSS score was 0) sustained for 3 or more months. Regression, according to the EDSS, was defined as a decrease of 1 or more EDSS steps (1.5 EDSS steps if the baseline EDSS score was 1.5) sustained for 3 or more months.
Matching
Propensity score matching was used to match patients from each treatment arm by baseline clinical and demographic vari-ables; the method and its validity have been described elsewhere. 15 The propensity of switching to either interferon beta/glatiramer acetate or fingolimod was estimated for all included patients using a multivariable logistic regression model (MatchIt package for R). 19 The following variables at the time of the treatment switch were used for matching purposes: age, country, duration of MS, total number of previous treatment starts, the EDSS score at baseline, the number of relapses in the preceding 6 and 12 months, the type of recent disease activity preceding the treatment switch (relapse, disability progression, or both), and the type of interferon beta/glatiramer acetate preparation used before the switch. Variables associated with a switch to fingolimod at a significance level of P < .10 were used to generate individual propensity scores for each patient. Patients in the fingolimod and interferon beta/ glatiramer acetate groups were matched in a variable ratio of up to 1:6, using nearest-neighbor matching without replacement and a caliper of 0.3 SDs of the propensity score. Closeness of the match was evaluated using cumulative and mean propensity distances between groups as described elsewhere. 15 
Statistical Analysis
The statistical analysis was performed using R, version 3.0.2. 20 Categorical and continuous variables at baseline were compared between the groups with χ 2 and unpaired t tests in the unmatched cohort and with weighted McNemar and weighted, paired t tests in the matched cohort. To account for potential systematic differences in treatment persistence and the follow-up period, pairwise censoring of on-study follow-up was applied (with the exception of the treatment persistence analysis), that is, the follow-up period for each matched patient pair was determined by the shorter of the 2 patient follow-up periods.
Differences in time to first relapse, time to confirmed disability progression, and time to confirmed disability regression between groups were assessed using weighted, frailty-adjusted, multivariable Cox proportional hazards regression models (with the frailty representing a random effect adjusting for the matched probability of treatment assignation within pairs) adjusted for baseline T2 lesion number (trichotomized according to the McDonald diagnostic criteria 21 into 1-8 lesions, ≥9 lesions, or unavailable). The risk of discontinuation was evaluated with a weighted, frailty-adjusted Cox model adjusted for the categorized baseline T2 lesion number. The proportionality of hazards was assessed with the Schoenfeld global test. 22 Differences in the ARR were assessed using weighted negative binomial regression with a cluster effect for matched patient pairs and adjusted for the trichotomized baseline T2 lesion number. To evaluate the sensitivity of this analysis to differential reporting of the low-severity relapses, an analysis including only the relapses treated with corticosteroids was conducted.
Sensitivity of the analysis to the type of postswitch interferon beta/glatiramer acetate preparation was tested by comparing the switch to fingolimod with the switch to subcutaneous interferon beta-1a, 22 μg or 44 μg thrice weekly, and switch to any of the injectable preparations, excluding 30 mg of intramuscular interferon beta-1a. The sensitivity of the analysis of relapse outcomes to the inclusion criteria was evaluated by repeating the analyses among patients included re-gardless of their preswitch disease activity and with no required follow-up EDSS scores; however, the baseline EDSS score was required. In this sensitivity analysis, a very narrow caliper of 0.01 was used to control indication bias. Two sensitivity analyses were performed to validate the results among patients with at least 12 and 18 months of postswitch follow-up. Another sensitivity analysis excluded patients switching between the preparations of interferon beta. To evaluate the robustness of the analysis in relation to nonrecognized confounders of treatment assignation, the Rosenbaum sensitivity test of the Hodges-Lehmann Γ was conducted for the analyses of ARR. 23 
Results
Primary Analysis
A total of 790 patients met the inclusion criteria ( Table 1 and eTable 1 in the Supplement) and were included in the calculation of propensity score. Although preswitch treatment with intramuscular interferon beta-1a was more common among patients switching to another interferon beta/glatiramer acetate preparation, use of subcutaneous interferon beta-1a was more common among patients switching to fingolimod (eTable 2 in the Supplement). The following variables were associated with the switch to fingolimod: higher baseline EDSS score (odds ratio [OR], 1.17; 95% CI, 1.01-1.33; P = .05), recent relapse (OR, 3.44; 95% CI, 2.65-4.23; P = .002), recent relapse and disability progression (OR, 3.38; 95% CI, 2.55-4.21; P = .004), and higher number of previous treatment starts (OR, 2.55; 95% CI, 2.19-2.91; P < .001). Preswitch treatment with intramuscular interferon beta-1b was associated with a switch to another interferon beta/glatiramer acetate preparation (OR, 5.7; 95% CI, 5.03-6.37; P < .001). Country of residence was associated with treatment allocation (ORs, 5.5-43.1; P ≤ .006).
The propensity score-matching procedure resulted in 148 patients in the fingolimod group matched to 379 patients in the interferon beta/glatiramer acetate group (Figure 1 ; distribution of propensity scores is available in eFigure 1 in the Supplement). The matching procedure significantly decreased the mean difference in propensity scores between the groups (0.40 prematch to 0.04 postmatch per patient) and improved the match on all of the considered variables (Table 1 ). Only the country of treatment remained different between groups after matching. Uncensored follow-up duration after the switch to fingolimod was shorter than that after the switch to interferon beta/glatiramer acetate (median, 14.9 vs 32.8 months). Median pairwise-censored follow-up time was 13.1 months (range, 3-80 months).
Fingolimod was associated with a decreased hazard of first on-treatment relapse compared with interferon beta/ glatiramer acetate (hazard ratio [HR], 0.74; 95% CI, 0.56-0.98; P = .04) ( Figure 2) . The mean (SD) ARR values during switch therapy were 0.31 (0.59) and 0.42 (0.68) in the fingolimod and interferon beta/glatiramer acetate groups, respectively (P = .009), with a between-group difference of 0.10 relapses per year (95% CI, 0.02-0.19).
Fingolimod was associated with a decreased hazard of confirmed disability progression compared with interferon beta/ Figure 3A) . In addition, fingolimod was associated with an increased probability of disability regression compared with interferon beta/glatiramer acetate (HR, 2.0; 95% CI, 1.2-3.3; P = .005) ( Figure 3B ).
Treatment persistence during the follow-up period was higher in the fingolimod group compared with the interferon beta/glatiramer acetate group. The rate of treatment discontinuation at 24 months was 17.5% and 26.8%, respectively (HR, 0.55; 95% CI, 0.31-0.98; P = .04) (eFigure 2 in the Supplement). 
Sensitivity Analyses
Based on the Rosenbaum sensitivity test, the Hodges-Lehmann Γ for the primary analysis of ARR was 1.2, suggesting that a hidden confounder of a magnitude of more than 20% of the estimated propensity score would be required to change the present statistical inference. Of all recorded relapses, 63.3% were treated with corticosteroids. When the analysis of relapse outcomes was repeated with only the corticosteroid-treated relapses, the result of the primary analysis was replicated (mean [SD] ARR, 0.23 [0.51] with fingolimod and 0.27 [0.53] with interferon beta/ glatiramer acetate; P = .02).
Further sensitivity analyses were conducted by repeating the analysis in a matched cohort of patients switching therapy to fingolimod or subcutaneous interferon beta-1a or to any injectable agent except intramuscular interferon beta-1a ( Table 2 ). These findings have replicated the outcomes of the primary analysis with the exception of treatment persistence. In addition, the analysis of the sensitivity of the relapse outcomes to preswitch activity confirmed the primary analysis among patients included regardless of their preswitch MS activity and the availability of postswitch EDSS time points. The 2 analyses that included only patients with longer postswitch follow-up periods confirmed most of the results of the primary analysis but showed only statistically nonsignificant trends for the comparisons of ARR and, in the case of analysis of patients with follow-up of 18 months or longer, of confirmed disability progression events. Finally, the sensitivity analysis excluding patients switching between the preparations of interferon beta confirmed the relatively lower postswitch relapse activity among patients switching to fingolimod but showed only nonsignificant trends for both disability outcomes.
Discussion
In this retrospective analysis of prospectively acquired observational data from MSBase, we found that switching to fingolimod resulted in improved relapse outcomes (ARR and proportion of patients without relapses) compared with switching to interferon beta/glatiramer acetate in patients previously experiencing breakthrough disease activity while receiving interferon beta/ glatiramer acetate. Switching to fingolimod was associated with more favorable disability outcomes compared with the switch to interferon beta/glatiramer acetate, reducing the risk of 3-month confirmed disability progression by 47% and doubling the likelihood of disability regression during treatment.
The TRANSFORMS phase 3 randomized clinical trial 10 comparing fingolimod with intramuscular interferon beta-1a demonstrated superior efficacy of fingolimod on relapse activity, number of gadolinium-enhancing lesions on magnetic resonance imaging, and total lesion burden. In the trial's 2-year extension and a subgroup analysis in the context of previously active disease despite immunomodulatory therapy, patients in the interferon beta-1a group who switched treatment to fingolimod also experienced a reduction in ARR. 24, 25 Three previous studies have compared fingolimod with other preparations of interferon beta/glatiramer acetate: a retrospective study 26 of the number of claims for intravenous corticosteroid treatment during a 540-day period in a US patient cohort receiving fingolimod or interferon beta/glatiramer acetate and 2 network meta-analyses 27, 28 of randomized clinical trials that indirectly compared the efficacy of fingolimod with that of each of the interferon beta/glatiramer acetate preparations. These studies demonstrated relative reduction in relapse activity among patients receiving fingolimod after adjusting for baseline demographic and clinical differences (52% reduction in the number of corticosteroid claims, 30%-48% reduction in ARR, and 18%-23% increase in the proportion of relapse-free patients at 1 year of treatment initiation). To our knowledge, the present study is the first to demonstrate improved shortterm disability outcomes in a population of patients with active treated MS. With respect to the 3-month confirmed disability outcomes used in our analysis, this observation most likely reflects improved prevention of neurologic disability accumulated as a result of MS relapses with incomplete recovery. 29, 30 In a similar manner, higher probability of reduced disability suggests clinical stabilization of disease in patients with previously active MS (included in the study on the basis of recent on-treatment relapse and/or progression of disability).
Although the primary analysis in our study showed higher treatment persistence following switching therapy to fingolimod compared with interferon beta/glatiramer acetate, this observation was not replicated by any of the sensitivity analyses and therefore should be interpreted with caution considering the potential preparation-or matching-specific effects. In contrast, 3 sensitivity analyses replicated in full the relapse and disability outcomes observed in the primary analysis. The 3 sensitivity analyses using extended minimum postswitch follow-up durations and eliminating switching between the interferon preparations showed nonsignificant trends for several outcomes, including the ARR and some of the disability outcomes. The nonsignificance was most likely determined by the loss of power owing to the relatively small subcohort size. Thus, the sensitivity analyses demonstrated that the observed clinical outcomes were largely independent of the definitions of preswitch MS activity, variables used in the matching procedure, and the known, albeit small, differences between the injectable immunomodulators. 31, 32 Although the expected indication bias was eliminated or markedly reduced by matching the compared cohorts on the determinants of treatment allocation, the propensity scorebased matching did not adjust for unknown confounders. We observed that our analysis may be vulnerable to a hypothetical unidentified confounder constituting more than 20% of the SD of all identified determinants of treatment allocation if its distribution was asymmetrical. In addition, the lack of blinding in the present study may have introduced detection and reporting bias; however, one may argue that the follow-up protocols for fingolimod and interferon beta/glatiramer acetate are largely comparable and that the magnitude of such a bias would therefore be minimal. Even though the usual data entry practice at MSBase is near-real-time entry, some variables, such as relapse-related information, may be susceptible to recall bias. Moreover, most relapses were not confirmed by a documented change in the EDSS score. It is therefore reassuring that the ARR reported in MSBase is consistent with the ARRs reported in contemporary clinical trials. 33 In addition, the detection rate of relapses in the present study was comparatively higher than that reported in the phase 2 and 3 clinical trials for fingolimod; it is therefore unlikely that the present study was affected by underreporting of relapses. Discontinuation rates reported in our study were determined by a combination of treatment efficacy, tolerability, and convenience of treatment administration or follow-up. The inclusion criteria eliminated patients who discontinued treatment within the initial 3 months after the switch, which may have biased the persistence analysis if differential discontinuation between the groups occurred within this time. Given that the information concerning reasons for stopping therapy was not routinely recorded, we were unable to examine the trends within on-study treatment discontinuation.
Although the analyses of observational data do not serve as a substitute for trial data, our study provides real-world evidence, representative of clinical practice in tertiary MS centers, to support clinical decision making that is highly relevant to the management of active MS.
